Background: Fractures remain a substantial public health problem but epidemiological studies using survey data are sparse. This study explores the association between lifetime fracture prevalence and socio-demographic factors, health behaviours and health conditions. Methods: Fracture prevalence was calculated using a combined dataset of annual, nationally representative health surveys in England (2002)(2003)(2004)(2005)(2006)(2007) containing 24,725 adults aged 55 years and over. Odds of reporting any fracture was estimated separately for each gender using logistic regression.
Introduction
Fractures resulting from two main aetiological pathways [1] -poor bone health (osteoporosis) and fall-related trauma -are an important public health burden with estimated overall costs in the UK of £5.1 billion [2] . Previous UK studies on the frequency and distribution of fractures relied on large administrative primary- [3] [4] [5] and secondary-care databases [6] [7] [8] that require contact with healthcare services, or used selective cohorts such as the Million Women Study [9] [10] . In contrast, survey data can include a broader set of risk factors than those typically available in administrative datasets while capturing almost all fractures regardless of medical intervention. In an earlier study, we reported on fractures experienced in the past 12 months using a representative sample of the English population drawing upon respondents' recall of their fracture history [11] . We describe here the lifetime fracture prevalence in adults aged 55 years and older and explore its associations with bone-(smoking, body weight) and fallrelated (alcohol consumption) risk factors.
Methods

Study population, outcome measure and covariates
The Health Survey for England (HSE) is an annual health examination survey of the English non-institutional population. A new sample is selected each year. Data are collected through face-to-face interviews followed by a visit from a trained nurse. Household response rates over the last decade ranged from 64-74% [12] . Sampling methods and data collection instruments are described elsewhere [12] . A fractures module was included for the first time in 2002 and remained in each subsequent year up to and including 2007. Participants were asked to recall the number of episodes of fracture injury sustained in the past 12 months, and whether they had ever fractured a bone, other than in the past 12 months. Respondents identified the site of fracture using diagrams of a skeleton and we subsequently divided fractures into broad groups such as forearm, hand and hip. Respondents who sustained a fracture beyond the past 12 months identified the location of the most recent fracture. The fracture module is shown in the Supplementary Appendix (Supplementary data are available in Age and Ageing online); full questionnaires are available online through the UK Data Service (http://discover.ukdataservice.ac.uk/series/?sn=2000021).
The main outcome measure was fracture prevalence, calculated as the percentage of participants who reported ever having a fracture. Socio-demographic covariates potentially associated with fracture occurrence included: age (defined using 10-year bands: 55-64; 65-74; 75-84; 85+), social class (non-manual and manual/other occupations; National Statistics Socio-Economic Classification), and marital status (married; single; separated/divorced).
Health behaviours included smoking (never; former; current smoker), units of alcohol consumed on the heaviest drinking day in the past 7 days (0 units; up to and including 3/4 units (women/men); more than 3/4 units up to 6/8 units; more than 6/8 units), and participation in moderate-to-vigorous physical activity, which has been described elsewhere [13] . Health conditions included long-standing illness (absent; non-limiting; limiting), number of prescribed medications currently being taken, the 12-item General Health Questionnaire (GHQ-12 grouped into 3 categories: 0; 1-3; 4+) with scores of 4+ indicating probable psychological disturbance/mental ill health, presence of cardiovascular disease (stroke; angina; heart attack), diabetes, body mass index (BMI, weight in kilograms divided by the square of height in metres, grouped into 4 categories: underweight; normal weight; overweight; obese) and hormone replacement therapy in women (never; former; current user).
Statistical analyses
The present study focused on adults aged 55 years and over to avoid a mixed cohort of pre, peri-and post-menopausal women (n=134 women who reported still having periods were excluded). Analyses revealed no secular change over 2002-2007 and so annual datasets were merged to increase precision. Logistic regression models were used to estimate Odds Ratios (OR) with 95% confidence intervals (CI) for associations between self-reported fracture and the socio-demographic, health behaviour and health conditions as described above. As the association of age with fracture occurrence was modified by sex (P for interaction <0.001), we conducted analyses for men and women separately.
We first established age-adjusted associations separately for each covariate using a Wald test; those with P ≤ 0.15 were included in subsequent models. Three serially adjusted models including: socio-demographic (Model 1), health behaviours (Model 2), and health conditions (Model 3) were fitted. Effect modification was tested using two-way interaction terms (retained if P ≤ 0.05). BMI was analysed as a categorical variable as previous studies have shown both low and high BMI as risk factors for fracture in elderly populations [14] . We tested for linear trend by entering the categorical variables as continuous terms.
Missing data and weighting for non-response
Only a subset of covariates was measured annually. Respondents with missing data due to covariates not covered in the survey year (medications and GHQ-12 in 2004 and 2007, respectively) or collected in ways not comparable with earlier years (alcohol in 2007) were included in analyses by using a missing category indicator. Respondents missing data on at least one covariate were excluded from relevant analyses. 23% of participants did not agree to a visit from the nurse and so had missing data on medication use. Missing data was also non-trivial for BMI (18%), hormone replacement therapy (11%), and GHQ-12 (8%). Survey 
Results
Descriptive analyses
The analytical sample comprised 24,725 people aged ≥55 years; 2,782 men (23%) and 4,187 (31%) women were aged ≥75 years (Supplementary data are available in Age and Ageing online, Tables S1-S2). Overall, 10,835 (44%) reported having sustained at least one fracture.
The proportion of respondents with fracture (overall and site-specific) is shown in Table 1 . In this population, 49% of men and 40% of women reported a fracture. In men, the proportion reporting any fracture was lower in the older age-groups whilst the opposite pattern was observed in women. For example, 54% of men aged 55-64 reported a fracture compared with 38% of those aged 85+; equivalent figures in women were 37% and 48%.
Over half of all recent/most recent reported fractures were located at the foot, hand or forearm. Scapula, hand, femoral shaft, patella, tibia/fibula and foot fractures were more common in men; hip fractures more common in women. In both sexes, the proportion reporting any hip fracture was higher in older than younger age-groups while foot fractures were lower. The pattern with age in other fracture sites showed differences by gender. In women, most site-specific fracture prevalence rates were higher in older age-groups. In men, fractures of the forearm, hand, tibia/fibula and foot were lower in older than younger agegroups (Supplementary data are available in Age and Ageing online, Table S3 ).
Statistical models
Age-adjusted bivariate associations showed that being a former or current smoker, higher levels of alcohol consumption, presence of a non-limiting or limiting longstanding illness, higher GHQ-12 scores, cardiovascular disease, and obese were significantly associated (P ≤ 0.15) with higher odds of fracture occurrence in both sexes. In men, being single was associated with lower odds of fracture. In women, being single or separated/divorced, physically inactive, currently taking medications and a previous or current user of hormone replacement therapy was associated with increased odds of fracture; being in routine occupational categories was associated with lower risk (Supplementary data are available in Age and Ageing online, Tables S1-S2). 3 show the mutually adjusted associations between fracture occurrence and socio-demographic (Model 1), health behaviour (Model 2) and health conditions (Model 3) in men and women, respectively. In men, the fully adjusted analysis showed that being a former or current smoker, higher levels of alcohol consumption (P < 0.001 for linear trend), and presence of a non-limiting or limiting long-standing illness significantly increased the odds of fracture, while being single reduced the odds. Being separated/divorced, higher levels of alcohol consumption (P = 0.003 for linear trend), higher GHQ-12 scores, and a current user of hormone replacement therapy significantly increased the odds of fracture in women. No significant interaction effects in the fully adjusted model were found in both sexes.
Tables 2 and
Discussion
In this study we presented estimates of lifetime fracture prevalence in adults aged 55 years and older using 2002-2007 Health Survey for England data and examined its frequency and distribution across socio-demographic factors, health behaviours and health conditions. Previous UK studies have relied on selective primary care databases such as the General Practice Research Database (GPRD) [3] [4] [5] , secondary care databases (hospital admissions/fracture clinics) [6] [7] [8] and prospective cohorts such as the Million Women Study with record-linkage to hospital reports [9] [10] . Our study relied on respondents' recall of their fracture history [11] . This has the advantage of capturing data on almost all fractures regardless of medical intervention and enables lifetime prevalence to be documented.
The present study showed systematic variations in fracture occurrence by socio-demographic factors (gender, age, and marital status), health behaviours (smoking, alcohol consumption) and health conditions (limiting long-standing illness, and psychosocial stress in women).
Associations between these risk factors and fractures probably involve one or both of two main aetiological fracture pathways -poor bone health and fall-related trauma [1] .
In most cases, our results are in agreement with previous studies. Obesity was associated with higher odds of fracture in women. In contrast, analysis of the Million Women Study showed a protective effect of higher BMI on hospital admissions for hip fracture [9] but increased risk for ankle fractures [10] . Our finding of increased odds of reporting any fracture for obese women remained when hip fractures were excluded from the analysis (data not shown). Our study showed a dose-response relationship between alcohol consumption in the 7 days prior to interview and fractures in both sexes. Likewise, a number of previous studies have shown that excessive alcohol consumption increases fracture risk, particularly in men [15] [16] .
Similar to our findings, previous studies have also shown psychosocial stress in women [17] [18] , smoking [4, 19] , and marital status, particularly in women [17] , to be important risk factors. As in other studies we found no evidence of social inequalities in fracture prevalence in this older population [20] , but smoking, alcohol consumption, long-standing illness and psychosocial stress are more prevalent in lower than higher socioeconomic groups [21] .
As expected, the proportion reporting any hip fracture was higher in older than younger agegroups in both sexes, as did most other site-specific fractures in women. However, as found in our previous study, the proportion reporting any fracture was lower in older than younger age-groups in men [11] . This contrasts with the fairly stable 10-year risk of any fracture with advancing age (7.1% and 8.0% at ages 50 and 80, respectively) in men found using the GPRD [3] . There are a number of potential explanations for this pattern. First, some of those who sustained fractures in young and/or middle-age, ages at which incidence rates are higher in men [11] , may not have survived to old age (a 'healthy survivor' effect). Second, perhaps those fractures occurring in elderly men befall individuals who have had previous fractures and spare those with no such history [5] . Third, the higher rates of middle-aged men may reflect a genuine birth cohort effect [22] . That is, the population currently middle-aged may be more prone to fracture events than their equivalent peers in the past. Finally, perhaps older men recall previous fractures less accurately, particularly as the fractures most commonly experienced in men (hand, forearm and foot) tend to occur in early adulthood, requiring an extended period of recollection [23] .
Strengths and limitations
The main strengths of this study include its large sample size and standardised measurement protocols. Although primary-and secondary-care databases capture recent and possibly traumatic fractures requiring attention of healthcare services, we have been able to overcome their limitation of incompleteness and selectivity by using a nationally representative sample and examine the associations between fracture prevalence and a wide range of sociodemographic factors, health behaviours and health conditions. Our own analyses show that 1 in 5 self-reported episodes of fracture in the 12 months preceding interview did not involve a hospital visit (data not shown).
Limitations include the potential exclusion of the frailest that were too ill and/or living in institutions. Our estimates of fracture prevalence are therefore likely to underestimate true prevalence, particularly in older age-groups. Cross-sectional studies such as the HSE measure covariates/outcomes on a single occasion and so we were unable to account for any intraindividual changes in health behaviours and conditions. In our study, fracture events preceded the collection of survey data, so our findings represent associations between contemporaneous risk factors and having experienced a fracture at some point in the past, including childhood. However, it is likely that both socioeconomic status and health behaviours such as physical activity [24] in this older population have been relatively stable over the life-course.
Survey data capture most fractures regardless of medical intervention, provided there is accurate recall of events [23] . Participants were not asked when or at what age their bone fracture(s) occurred. It remains possible, therefore, that fractures occurring recently have been recalled more accurately than events that occurred longer ago and that asymptomatic non-traumatic fractures were underreported [23] . We are unaware of evidence that shows systematic variations in the accurate recall of fracture history, which would be a potential source of bias. Fracture ascertainment through self-report has well-recognised limitations.
However, several validation studies comparing self-reports with radiology reports and medical records have showed reasonable accuracy (false-positive rates of ~11%) in older, community dwelling people [25] [26] .
Although comprehensive, the HSE does not have information on all the potential risk factors for fracture, including bone mineral density, calcium intake and family history of fracture.
Information on falls in the 12 months prior to interview was only available in 2005 for 4,263 persons aged 65+. As found in other studies, the incidence of falls was higher in older agegroups and higher in women [27] [28] . The percentage of participants reporting any fracture was 49% and 40% in those who had/had not fallen during the last 12 months (P < 0.001) (data not shown). Age, limiting long-standing illness and GHQ-12 were significantly associated with the risk of falling [28] . Finally, as in all observational studies, there may be unmeasured confounders that explain the observed associations of socio-demographic factors, health behaviours and health conditions on fracture occurrence.
Conclusions
Our study confirms that fractures remain a major public health problem, one that has had only limited epidemiological attention. Compared with other contributors to the population health burden, there is an urgent need for population studies of fractures that can separate likely causation related to fall-related trauma from that due to poor bone health. This is because the approach to prevention in each case is very different. Our study examines a wide range of risk factors in relation to fracture events and begins to do this.
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